ratio (PLR), which are calculated from the white blood cell count are reported to be novel inflammatory biomarkers in patients with venous thrombosis and Guillain-Barré syndrome 7, 8 . Decreased high-density lipoprotein cholesterol (HDL-C) levels and increased monocyte counts were also found to be associated with inflammation, and the monocyte to HDL-C ratio (MHR) was suggested to be used as a novel inflammatory biomarker 9, 10 . A significant relationship was shown between high bilirubin levels and anti-oxidation and anti-inflammation in various diseases 11 . Higher mean platelet volume (MPV) levels were found to be associated with worse prognosis in inflammatory bowel disease
.
Therefore, in this study we aimed to evaluate high sensitivity CRP, ESR, NLR, PLR, MHR, bilirubin, and MPV levels in CVT patients and compare these with levels measured in healthy individuals. The above-mentioned inflammatory markers have been evaluated separately in many studies [5] [6] [7] [8] [9] [10] [11] [12] . However, this is the first study, in which they are evaluated together.
METHODS
This prospective case-control study was conducted with 36 newly diagnosed CVT patients within 24 hours after the onset of symptoms, and 40 age-and sex-matched healthy individuals in our tertiary referral hospital. The study was approved by the Istanbul Training and Research Hospital ethics committee. An informed written consent was signed by all the participants. Exclusion criteria were as follows; pregnancy/puerperium, arterial stroke, acute myocardial infarction, diabetes mellitus, hypertension, infection (at admission or up to seven days prior), peripheral vascular disease, autoimmune disease, any inflammatory condition, malignancy, epileptic seizures and the patients under medical treatment with any anti-inflammatory medications, anti-aggregants, anticoagulants, and lipid-lowering drugs.
The diagnosis of CVT was based on a clinical evaluation, cranial magnetic resonance imaging (MRI), and MR-venography. The patients were divided into two subgroups according to the presence or absence of MRI parenchymal lesions, and number of involved sinuses (one sinus, or two or more sinuses). Clinical severity was evaluated with the National Institutes of Health Stroke Scale (NIHSS) 13 . The healthy controls were selected from the patient's relatives or hospital staff members. The individuals who had any disease that could affect the laboratory tests were excluded.
The blood samples were obtained by careful venipuncture during emergency admission, before medical treatments. Samples for hematological tests were collected in EDTA tubes, and in dry tubes for biochemical tests. The laboratory investigations included a serum hemogram, full biochemistry profiles including HDL, bilirubin, high sensitivity CRP and ESR, which were measured using automated standard laboratory methods. An automated hematology analyzer XE-1200 (Sysmex, Kobe, Japan) was used for complete blood count measurements. A molecular analyzer (Roche Diagnostics, Mannheim, Germany) was used for the biochemical measurements. High sensitivity CRP measurements were done using an automated analyzer (Beckman Coulter IMMAGE) using nephelometric measurement.
A computerized database was used to collect the laboratory data. The findings were compared between the groups. The NLR, PLR, and MHR ratios were calculated and compared between the patients and healthy participants.
Statistical analysis
The data were transferred to the IBM SPSS Statistics 22.0 program and the analyses were completed. Mean, standard deviation, median, lowest-highest, frequency and ratio were included in the descriptive statistics of the data. The distribution of the variables was measured by the KolmogorovSmirnov test. The independent samples t test and MannWhitney U test were used in the analysis of quantitative independent data. A chi-square test was applied to analyze the significance of the multiple comparison of relative frequencies among the groups, and the Fisher test was used when the chi-square test did not meet the conditions. Spearman's correlation was used for correlation analysis. The limit for statistical significance was accepted as p < 0.05.
RESULTS
The demographic and clinical characteristics of the patients and controls are summarized in Table 1 . The participants were aged between 23 and 62 years. Four patients were in the postpartum period and one patient was newly diagnosed with Behçet's disease with no systemic features. Twelve patients were excluded after considering the exclusion criteria (infections, malignancy, etc.). There were no significant differences in terms of smoking rates, alcohol consumption, neutrophils, direct bilirubin, and MHR between the two groups ( Table 2) .
The MPV, lymphocyte, total bilirubin, indirect bilirubin, and HDL levels were significantly lower in the CVT patients, while CRP and ESR values were significantly higher. The mean NLR and PLR values were also significantly higher than the control individuals (p = 0.000, p = 0.003) ( Table 2) .
In patients with a thrombosis of two or more sinuses, PLR values were significantly higher (p = 0.013), while there was no difference in terms of NLR, MHR values, and other markers in the thrombosis of one sinus group, or two or more sinuses groups (p > 0.05). All of the patients underwent MRI and parenchymal lesions were detected in 16 patients. No significant differences were detected in any evaluated biomarker among the patients with or without parenchymal lesions (p > 0.05). Finally, clinical severity according to the NIHSS scores did not affect the evaluated biomarkers in CVT patients (p > 0.05).
The MPV, CRP, and ESR values were significantly different (p < 0.05) in the case and control groups in the multivariate analysis (Table 3) .
DISCUSSION
The preliminary results of our study showed that inflammation may be connected to the pathogenesis of CVT. The NLR, PLR, CRP and ESR values were significantly higher and bilirubin and MPV levels were significantly lower in CVT patients compared with the healthy participants in this study. No significant differences were found according to the presence or absence of MRI parenchymal lesions, and NIHSS scores in CVT patients. Only PLR values were significantly higher in patients with a thrombosis of two or more sinuses.
Several studies have been performed to show the relationship between inflammation and venous thrombosis in recent years 4, 5, 8 . It was pointed out, in an in vivo study, that neutrophils were responsible for the initiating stimuli in the thrombus formation and the propagation of the thrombus was contributed to by platelets 14 . High platelet counts were associated with an increased risk of venous thrombosis because of the location of platelet aggregates in the core of the thrombus. The platelet aggregates generate circulating microparticles in response to prohemostatic stimuli that are independent risk factors for venous thrombosis 15, 16 . The NLR and PLR are simply calculated biomarkers from the lymphocyte, neutrophil and platelet counts in the venous blood samples. They have been investigated in several studies and elevated levels were shown to be important biomarkers in coronary artery diseases 17, 18 . The study by Artoni et al. 8 , that was performed with a large group of patients with venous thrombosis, showed a lack of association between high values of PLR and NLR and an increased risk of venous thrombosis. Another study from Turkey showed a significant association between elevated NLR and CVT patients compared with healthy controls 19 . Consistent with most of the previous studies, we found higher levels of NLR and PLR levels in CVT patients compared with the healthy controls.
The MPV is another biomarker that was used for the assessment of systemic inflammation in previous studies 20, 21 .
Our study was incompatible with these previous studies, possibly because of the low number of participants.
We found significantly higher CRP and ESR values in CVT patients. Similarly, previous studies have mostly reported elevated levels of both markers in inflammatory diseases 5, 6, 22 . Horvei et al. 22 stated that low-grade inflammation, assessed by measurement of CRP, was associated with the risk of venous thrombosis.
A limited number of studies of the MHR have demonstrated the role of this ratio in predicting inflammation 23, 24 . In a study of patients with venous thrombosis, it was shown that high monocyte counts were associated with venous thromboembolism, even within normal limits 23 . The MHR has been shown to be an independent predictor of cardiovascular events in chronic renal failure patients and a poor prognosis for cardiovascular mortality 10 . Our study did not show any relationship between the MHR and CVT. Further studies are needed to evaluate the possible relationship.
Some inflammatory diseases, like multiple sclerosis and systemic lupus erythematosus, were associated with lower levels of bilirubin in previous studies 25, 26 . It was pointed out that serum bilirubin could provide a crucial protection against inflammation 25 . Similar to previous studies, we found lower levels of bilirubin in CVT patients compared with the control group.
Our study had some limitations. It was a single-center study and the number of patients were relatively low. Otherwise, it had a prospective design with similar groups. We calculated the aforementioned markers on admission. Control values would be valuable in the follow-up period. It was unclear whether the biomarkers and systemic inflammation had a causative relationship in our study and, finally, evaluation of oxidative stress biomarkers could be more valuable. In conclusion, our results suggest that NLR, PLR, CRP, ESR, and bilirubin can be used in clinical practice for prediction of CVT in suspected patients as they are inexpensive parameters and widely available. Also the results of this study add to the theory of inflammation in the pathomechanism of CVT, which needs further investigations involving patients with other venous thrombosis pathology (e.g. deep venous thrombosis of the limbs) to research the sensitivity in more detail.
